We study, by numerical simulations on a lattice, the behaviour of the gauge-invariant field strength correlators in QCD both at zero temperature, down to a distance of 0.1 fm, and at finite temperature, across the deconfinement phase transition.
INTRODUCTION
An important role in hadron physics is played by the gauge-invariant two-point correlators of the field strengths in the QCD vacuum. They are defined as
where G µρ = gT a G a µρ is the field-stength tensor and S = S(x, 0) is the Schwinger phase operator needed to parallel-transport the tensor G νσ (0) to the point x.
These correlators govern the effect of the gluon condensate on the level splittings in the spectrum of heavy QQ bound states [1] [2] [3] . They are the basic quantities in models of stochastic confinement of colour [4] [5] [6] and in the description of highenergy hadron scattering [7] [8] [9] [10] .
A numerical determination of the correlators on lattice (with gauge group SU (3)) already exists, in the range of physical distances between 0.4 and 1 fm [11] . In that range D µρ,νσ falls off exponentially
with a correlation length λ ≃ 0.22 fm [11] . What makes the determination of the correlators possible on the lattice, with a reasonable computing power, is the idea [12, 13] of removing the effects of short-range fluctuations on large distance correlators by a local cooling procedure. * Speaker at the conference.
Freezing the links of QCD configurations one after the other, damps very rapidly the modes of short wavelength, but requires a number n of cooling steps proportional to the square of the distance d in lattice units to affect modes of wavelength d:
Cooling is a kind of diffusion process. If d is sufficiently large, there will be a range of values of n in which lattice artefacts due to short-range fluctuations have been removed, without touching the physics at distance d; by lattice artefacts we mean statistical fluctuations and renormalization effects from lattice to continuum. This removal will show up as a plateau in the dependence of the correlators on n. This was the technique successfully used in Ref. [11] . There, the range of distances explored was from from 3-4 up to 7-8 lattice spacings at β ≃ 6 (β = 6/g 2 ), which means approximately from 0.4 up to 1 fm in physical distance. The lattice size was 16 4 . In Sect. 2 we discuss new results obtained on a 32
4 lattice, at β between 6.6 and 7.2: at these values of β the lattice size is still bigger than 1 fm, and therefore safe from infrared artefacts, but d = 3, 4 lattice spacings now correspond to physical distances of about 0.1 fm. Since what matters to our cooling procedure is the distance in lattice units, we obtain in this way a determination of the correlators at distances down to 0.1 fm [14] .
All of the above concerns the theory at zero temperature. In Sect. 3 we go further and de-termine the behaviour of the correlators at finite temperature for the pure-gauge theory with SU (3) colour group and in particular we study their behaviour across the deconfining phase transition [15] . The motivations to do that stem from Refs. [16] [17] [18] .
RESULTS AT T = 0
The most general form of the correlator compatible with the invariances of the system at zero temperature is [4] [5] [6] 
D and D 1 are invariant functions of x 2 . We work in the Euclidean region.
It is convenient to define a D (x 2 ) and a D ⊥ (x 2 ) as follows:
On the lattice we can define a lattice operator D L µρ,νσ , which is proportional to D µρ,νσ in the naïve continuum limit, i.e., when the lattice spacing a → 0. Making use of the definition (5) we can thus write, in the same limit,
Equations (6) come from a formal expansion of the operator, and are expected to be modified, when the expectation value is computed, by lattice artefacts, i.e., by effects due to the ultraviolet cutoff. These effects can be estimated in perturbation theory and subtracted [19] . Instead we remove them by cooling the quantum fluctuations at the scale of the lattice spacing, as explained in the Introduction. We have measured the correlations on a 32 4 lattice at distances ranging from 3 to 14 lattice spacings and at β = 6.6, 6.8, 7.0, 7.2. From renormalization group arguments,
where Λ L is the fundamental mass-scale of QCD in the lattice renormalization scheme. At large enough β, f (β) is given by the usual two-loop expression:
for gauge group SU (3) and in the absence of quarks. At sufficiently large β one also expects that
where f (β) is given by Eq. (8) and terms of higher order in a are negligible.
In Fig. 2 we plot in Ref. [11] , corresponding to physical distances d phys ≥ 0.4 fm. We have applied a best fit to all of these data with the functions
We have obtained the following results:
with χ 2 /N d.o.f. ≃ 1.7. The continuum lines in Fig. 2 have been obtained using the parameters of this best fit. With the value of Λ L determined from the string tension [20] we obtain λ A ≃ 0.22 fm , λ a ≃ 0.43 fm .
The correlation length λ A , which enters the nonperturbative exponential terms of D and D 1 , as well as the magnitude of the coefficients A and A 1 , are compatible with the values obtained in Ref. [11] .
We stress again that we have been able to observe terms proportional to 1/|x| 4 in the correlations because we have worked at larger values of β, where the distance between two points (far enough in lattice units so that the correlation is not modified by cooling before lattice artefacts are eliminated) is small compared with 1 fm in physical units. A larger lattice (32 4 ) has been necessary to avoid infrared artefacts.
RESULTS AT FINITE T
To simulate the system at finite temperature, a lattice is used of spatial extent N σ ≫ N τ , N τ being the temporal extent, with periodic boundary conditions. The temperature T corresponding to a given value of β = 6/g 2 is given by
where a(β) is the lattice spacing, whose expression in terms of β is given by Eqs. (7) and (8).
At finite temperature, the O(4) space-time symmetry is broken down to the spatial O(3) symmetry and in principle the bilocal correlators (1) are now expressed in terms of five independent functions [16] [17] [18] (instead of two as in the zero-temperature case); two of them are needed to describe the electric-electric correlations:
where E i = G i4 is the electric field operator and
. Two further functions are needed for the magnetic-magnetic correlations:
where B k = 1 2 ε ijk G ij is the magnetic field operator. Finally, one more function, D BE 1 , is necessary to describe the mixed electric-magnetic correlations.
The five quantities
are all functions of u 2 , due to rotational invariance, and of u 2 4 , due to time-reversal invariance.
From the conclusions of Refs. [16] [17] [18] , one expects that D E is related to the (temporal) string tension and should have a drop just above the deconfinement critical temperature T c . In other words, D E is expected to be the order parameter of the confinement. Similarly, D B is related to the spatial string tension [16, 17] .
We have determined the following four quantities
by measuring appropriate linear superpositions of the correlators (14) and (15) Our results can be summarized as follows: (i) In the confined phase (T < T c ), until very near to the temperature of deconfinement, the correlators, both the electric-electric type (14) and the magnetic-magnetic type (15) , are nearly equal to the correlators at zero temperature [14] : in other words,
(ii) Immediately above T c , the electric-electric correlators (14) have a clear drop, while the magnetic-magnetic correlators (15) stay almost unchanged, or show a slight increase. More pre- cisely, looking at the values for the difference
between the two quantities reported in Figs. 4 and 3 respectively, one finds that the quantity D ⊥ across T c is entirely due to a drop of D E alone. This result confirms the conclusion of Refs. [16] [17] [18] , where D E was related to the (temporal) string tension σ E . Similarly, one can look at the following difference:
One thus finds that D ⊥ stay almost unchanged (or even show a slight increase) across T c , we conclude that the same must be true also for D B . It was shown in Refs. [16, 17] that D B is related to the spatial string tension σ s . Recent lattice results [21] indicate that σ s is almost constant around T c and increases for T ≥ 2T c : this fact is in good agreement with the behaviour that we have found for D B . 
